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Summary 

An investigation has been conducted at wind-off 
conditions in the static-test facility of the Langley 
16- Foot Transonic Tunnel to determine the internal per- 
formance characteristics of a two-dimensional conver- 
gent nozzle with a thrust- vectoring capability up to 60°. 
Vectoring was accomplished by a downward rotation 
of a hinged upper convergent flap and a correspond- 
ing rotation of a center-pivoted lower convergent flap. 
The effects of geometric thrust-vector angle and upper- 
rotating-flap geometry on internal nozzle performance 
characteristics were investigated. Nozzle pressure ratio 
was varied from 1.0 (jet off) to approximately 5.0. 

Results of the investigation indicate that unvectored 
performance of the two-dimensional convergent nozzle 
was comparable to unvectored axisymmetric nozzle lev- 
els. The nozzle was, in general, highly effective in' pro- 
viding large thrust- vector angles (up to 60°) with little 
loss in resultant thrust ratio. 

Introduction 

Increased mission requirements for tactical aircraft 
have given rise to the consideration of propulsion system 
participation in the enhancement of aircraft maneuver, 
attitude control, and take-off and landing performance. 
Propulsion systems in which the nozzles have the abil- 
ity to change the direction of the thrust vector to gen- 
erate forces and moments have been considered. If such 
a propulsion system were incorporated properly into 
the aircraft system, significant performance improve- 
ments could be realized. Both axisymmetric (refs. 1 
to 5) and nonaxisymmetric nozzle configurations (refs. 1 
and 5 to 24) have been examined; however, the non- 
axisymmetric (two-dimensional) nozzle has been found 
to be much more amenable to incorporation of thrust- 
vectoring schemes (ref. 23). 

To date, most of the research on vectoring non- 
axisymmetric nozzle internal performance has been 
conducted on either the single-expansion-ramp nozzle 
(SERN) (refs. 4, 6, and 9 to 23) or the two-dimensional 
convergent-divergent (2-D C-D) nozzle (refs. 1, 4, 5, 7, 
8, 11 to 16, 19, 21, and 23 to 25). Thrust vectoring on 
SERN nozzles is accomplished by several different me- 
chanical schemes, but on 2-D C-D nozzles most of the 
vectoring schemes depend on rotation of the divergent 
flaps to turn the nozzle flow. When a convergent two- 
dimensional nozzle is considered, some other method 
of nozzle actuation to vector thrust must be examined 
since divergent flaps are not present on a convergent 
nozzle. 

The present paper contains static internal perfor- 
mance data and a limited amount of internal pres- 
sure distribution data for a nonaxisymmetric conver- 
gent nozzle that was originally designed in a program 


to examine the incorporation of thrust vectoring (for 
providing STOL capability) into the Grumman A-6 air- 
craft. The A-6 aircraft is amenable to the incorporation 
of thrust vectoring, because the exhaust nozzles are near 
the aircraft center of gravity. Hence, extensive redesign 
of tail surfaces or addition of canards to trim the thrust 
vector would be unnecessary. The data are intended 
to help provide an understanding of the complex flow 
mechanisms involved in vectoring a convergent nozzle 
to provide resultant thrust angles significantly higher 
than previously considered (up to 60°) as well as to ex- 
tend the current data base on nonaxisymmetric nozzles. 
The nozzle investigated was a unique concept, in that 
vectoring was accomplished by the downward rotation 
of a hinged upper convergent flap and a correspond- 
ing rotation of a center-pivoted lower convergent flap. 
The effects of thrust-vector angle and upper-rotating- 
flap geometry on internal nozzle performance character- 
istics were investigated for nozzle pressure ratios from 
1.0 (jet off) to approximately 5.0. 

Symbols 

All forces (with the exception of resultant gross 
thrust) and angles are referred to the model centerline 
(body axis). A detailed discussion of the data-reduction 
and calibration procedures as well as definitions of 
forces, angles, and propulsion relationships used herein 
can be found in reference 21. 

A t total nozzle throat area, in 2 

F measured thrust along body axis, 

lbf 

F l ideal isentropic gross thrust, 



lbf 


F r resultant gross thrust, y/ F 2 + N 2 , 

lbf 

g gravitational constant, 32.174 ft/sec 2 

hi secondary-nozzle throat height 

(fig. 3(b)), in. 

h u primary-nozzle throat height 

(fig. 3(b)), in. 

/j, fi X ed length of lower fixed flap, 1.300 in. 

Il #rot length of lower rotating flap, 

2.690 in. 

l UfTO t length of upper rotating flap, 

1.397 in. 

N measured normal force, lbf 



rotating 

model station, in. 


NPR nozzle pressure ratio (ratio of jet 

total pressure to ambient pressure) 

p local static pressure, psi 

p a ambient pressure, psi 

Pt y3 jet total pressure, psi 

R gas constant for air, 53.364 ft- 

lb/lb°R 

T t ,j jet total temperature, °R 

w x ideal weight-flow rate, lbf/sec 

w p measured weight-flow rate, lbf/sec 

x axial distance measured from 

nozzle connect station, positive 
downstream, in. 

x* location of upper-flap pressure 

orifices on longitudinal axis which 
rotates (with upper rotating flap), 
is parallel to internal surface of 
baseline upper rotating flap, and is 
positive downstream of hinge point 
of upper rotating flap. Negative 
x' is parallel to body axis and 
remains fixed (fig. 3(a)), in. 

x n chordwise location of pressure ori- 

fices on lower rotating flap, posi- 
tive downstream of leading edge of 
lower rotating flap (fig. 3(a)), in. 

2 vertical distance measured from 

model centerline, positive up, in. 

7 ratio of specific heats, 1.3997 for 

air 

6 measured resultant thrust-vector 

angle, tan -1 deg 

6i lower-flap rotation angle (fig. 3(a)), 

positive down, deg 

6 U upper-flap rotation angle 

(fig. 3(a)), positive down, deg 

8 V design thrust-vector angle mea- 

sured from horizontal reference 
line, positive down, deg 

Sidewall orifice designations: 

PRSIDl to sidewall static pressures (tables II 

PRSID37 to XVI and fig. 3(d)) 

Abbreviations: 

Conf configuration 


rot 
Sta. 

Apparatus and Methods 

Static-Test Facility 

This investigation was conducted in the static-test 
facility of the Langley 16-Foot Transonic Tunnel with 
the jet exhausting to atmosphere. This facility utilizes 
the same clean, dry-air supply as that used for jet 
simulation in the Langley 16-Foot Transonic Tunnel and 
a similar air-control system —including valving, filters, 
and a heat exchanger (to operate the jet flow at constant 
stagnation temperature). 

Single-Engine Propulsion Simulation System 

A sketch of the single-engine air-powered nacelle 
model on which various nozzles were mounted is pre- 
sented in figure 1 with a typical nozzle configuration 
attached. The body shell forward of station 20.50 was 
removed for this investigation. 

An external high-pressure air system provided a con- 
tinuous flow of clean, dry air at a controlled tempera- 
ture of about 530° R. This high-pressure air was brought 
through a dolly-mounted support strut by six tubes 
which connect to a high-pressure plenum chamber. As 
shown in figure 1 , the air was then discharged perpen- 
dicularly into the model low-pressure plenum. This 
method was designed to minimize any forces imposed 
by the transfer of axial momentum as the air is passed 
from the nonmetric high-pressure plenum to the met- 
ric (mounted to the force balance) low-pressure plenum. 
Two flexible metal bellows are used as seals and serve 
to compensate for axial forces caused by pressurization. 
The air was then passed from the model low-pressure 
plenum (circular in cross section) through a transition 
section, a choke plate, and an instrumentation section. 
The transition section provided a smooth flow path for 
the airflow from the round low-pressure plenum to the 
rectangular choke plate and instrumentation section. 
The instrumentation section had a flow path width- 
height ratio of 1.437 and was identical in geometry to 
the nozzle airflow entrance. The nozzles were attached 
to the instrumentation section at model station 41.13. 

Nozzle Design 

Figure 2 (a) is a photograph of a typical nonaxisym- 
metric nozzle installed on the single-engine propulsion 
system. Photographs of typical vectored and unvec- 
tored nozzle configurations with one sidewall removed 
are shown in figure 2(b). As seen in the photographs 
and in the model sketches presented in figure 3, the 
nozzle is a nonaxisymmetric convergent nozzle in the 
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forward thrust mode (fi v = 0°). Thrust vectoring up to 
S v = 60° was accomplished by a downward rotation of 
a hinged upper flap and a corresponding rotation of a 
center-pivoted lower flap. (See fig. 2(b).) At S v = 0°, 
the nozzle throat is fixed at the nozzle exit. For 6 V > 0°, 
the nozzle has two separate throats — one between the 
upper rotating flap and the top surface of the lower ro- 
tating flap and one between the bottom surface of the 
lower rotating flap and the fixed segment of the lower 
flap. This type of vectoring scheme can be advanta- 
geous in that the center of action of the resultant thrust 
vector is farther upstream (closer to the airplane center 
of gravity) than would be expected for a more typical 
thrust- vectoring scheme, for which two hinged flaps are 
rotated downward simultaneously. 

Important configuration parameters for the config- 
urations investigated are shown in table I and details of 
the model geometry are shown in figure 3. For all vec- 
tored configurations, the lower-flap rotation angle 6i is 
equal to the design thrust- vector angle 6 V . The upper- 
flap rotation angle 8 U increased as nozzle 6 V increased 
except for the 8 V — 60° configurations. As shown in 
table I, for a design thrust- vector angle of 60°, the ro- 
tation angle for the upper flap lies between those values 
indicated for vector angles of 15° and 30°. The upper- 
flap rotation angles were selected to provide a nearly 
constant effective flow area independent of thrust-vector 
angle. Effective flow area could be expressed as the 
product of discharge coefficient w p /w{ and measured 
total throat area A t . Thus, in anticipation of a large 
drop in discharge coefficient at 6 V — 60°, upper throat 
area was increased by decreasing upper-flap rotation an- 
gle at 8 V = 60°. Measured total throat area tends to 
increase with increasing design thrust-vector angle (see 
table I) for the model hardware investigated. 

In addition to geometric thrust-vector angle, the 
geometry of the upper rotating flap was investigated. 
Sketches of the three geometries tested are shown in fig- 
ure 3(c). The angled upper rotating flap was identical 
in length to the baseline flap, but the flap surface was 
modified to provide an 8.05° increase in the terminal 
angle of the upper rotating flap. This modification was 
used to determine what effects, if any, terminal angle 
had on overall nozzle turning characteristics. The long 
upper rotating flap was merely an extended baseline 
flap (0.5 in. longer) and was expected to provide larger 
turning angles than the baseline flap, because flow is 
contained longer on the upper surface of the lower ro- 
tating flap. The sidewall extension shown in figure 3(d) 
was used to provide full sidewall containment on those 
configurations employing the long upper rotating flap. 

For purposes of discussion, the exhaust flow path 
formed between the upper rotating flap and the top 
surface of the lower rotating flap is referred to as 
the primary exhaust passage. The exhaust flow path 


between the bottom surfaces of the lower rotating flap 
and the lower fixed flap is referred to as the secondary 
exhaust passage. 

Instrumentation 

A three-component strain-gauge balance was used to 
measure the forces and moments on the model down- 
stream of station 20.50 in. (See fig. 1.) Jet total pres- 
sure was measured at a fixed station in the instrumen- 
tation section (see fig. 1) by means of a four-probe rake 
through the upper surface, a three-probe rake through 
the side, and a three-probe rake through the corner. 
A thermocouple, also located in the instrumentation 
section, was used to measure jet total temperature. 
Weight-flow rate of the high-pressure air supplied to the 
nozzle was determined from pressure and temperature 
measurements in the high-pressure plenum (located 
on top of the support strut) calibrated with standard 
axisymmetric nozzles of known discharge coefficient. In- 
ternal static-pressure orifices were located on all fixed- 
and rotating-flap hardware tested and on the right-hand 
sidewall. The static-pressure orifices located on the noz- 
zle flaps (both fixed and rotating) consisted of a single 
row of orifices along the centerline. Actual locations of 
these orifices can be determined by examination of ta- 
bles II to XVI. Static-pressure orifice locations on the 
sidewalls are shown in figure 3(d). Because of the rotat- 
ing geometry, three independent axis systems were used 
to define static-pressure orifice locations. The symbols 
x f and x" represent axis systems used to locate pres- 
sure orifices on the upper flap (rotating and fixed seg- 
ments) and on the lower rotating flap, respectively. (See 
fig. 3(a).) The symbol x represents an axis system which 
is parallel to the model body axis and positive down- 
stream of the nozzle connect station. It is used to locate 
pressure orifices on the sidewall (see fig. 3(d)) and on 
the fixed lower flap (see fig. 3(a)). The positive x r axis 
is defined to be parallel to the internal surface of the 
baseline upper rotating flap and is positive downstream 
of the upper rotating flap pivot point located at model 
station 43.58. (See fig. 3(a).) The negative x r axis is 
parallel to the body axis and remains fixed. The axis 
system labeled x" is defined to be parallel to the lower 
rotating flap centerline and positive downstream of the 
rotating flap leading edge. Both the positive x' and 
x" axes rotate with 8 U and 8i, respectively. Pressure 
orifice locations were defined in this manner to allow 
a more direct comparison of the respective upper and 
lower rotating flap pressure distributions. 

Data Reduction 

All data were recorded simultaneously on magnetic 
tape. Approximately 50 frames of data, taken at a 
rate of 10 frames per second, were used for each data 
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point; average values were used in computations. Data 
were recorded in an ascending order of p t j. With the 
exception of resultant gross thrust F r , all force data in 
this report are referenced to the model centerline. 

The basic performance parameters used for the pre- 
sentation of results are F / F x , F r j F x , 6 , and w p /w x . The 
internal thrust ratio F/F x is the ratio of actual noz- 
zle thrust (along the body axis) to ideal nozzle thrust, 
with ideal nozzle thrust based on measured weight-flow 
rate and total temperature and pressure conditions in 
the nozzle throat as defined in the symbols. The bal- 
ance axial-force measurement, from which actual nozzle 
thrust is subsequently obtained, is initially corrected 
for model weight tares and balance interactions. Al- 
though the bellows arrangement was designed to elimi- 
nate pressure and momentum interactions with the bal- 
ance, small bellows tares on axial, normal, and pitch 
balance components still exist. These tares result from 
a small pressure difference between the ends of the bel- 
lows when internal velocities are high and from small 
differences in the forward and aft bellows spring con- 
stants when the bellows are pressurized. As discussed 
in reference 21, these bellows tares were determined 
by running calibration nozzles with known performance 
over a range of expected normal forces and pitching mo- 
ments. The balance data were then corrected in a man- 
ner similar to that discussed in reference 21 to obtain 
actual nozzle thrust, normal force, and pitching mo- 
ment. The resultant gross thrust F r , used in resultant 
thrust ratio F r /F x , and the measured resultant thrust 
vector angle 6 are then determined from these corrected 
balance data. Resultant thrust ratio F r /F x is equal to 
internal thrust ratio F/F t as long as the jet-exhaust flow 
remains unvectored (<5 = 0°). Significant differences be- 
tween F r /F t and F/F x occur when jet exhaust flow is 
turned from the axial direction; the magnitudes of these 
differences are a function of S. Nozzle discharge coeffi- 
cient w p /w x is the ratio of measured weight-flow rate to 
ideal weight-flow rate with ideal weight-flow rate based 
on jet total pressure ptj, jet total temperature Ttj, and 
measured nozzle throat area. 

Presentation of Results 

The results of this investigation are plotted in the 
following figures: 

Figure 


Lower- rotating-flap static-pressure 

distributions 4 

Upper- flap static-pressure distributions 5 

Lower-fixed-flap static-pressure 

distributions 6 

Sidewall pressure contours of p/ptj 7 

Effects of upper-rotating-flap configuration 

on nozzle performance 8 


Summary of the effects of vector angle 

on F r / F x and 6 9 

Discussion of Results 

Internal Static-Pressure Distributions 

Internal static- pressure- ratio p/pt i3 data are pre- 
sented in tabulated form in tables II to XVI for each 
nozzle pressure ratio (NPR) and configuration tested. 
Static-pressure-ratio data are presented for all orifice 
locations and include pressure for both upper and lower 
flaps as well as for the nozzle sidewall. Typical internal 
static-pressure-ratio distributions for various configura- 
tion comparisons are shown in figures 4 to 6. 

Effects of vector angle on lower-rotating-flap 
pressures . The effects of thrust-vector angle on lower- 
rotating-flap centerline static-pressure distributions are 
presented in figure 4 for all three upper-rotating-flap 
configurations tested. Pressures on both the top and 
bottom surfaces of the lower rotating flap are shown for 
a nominal NPR of 3.0. 

As seen in figure 4, static pressures on the top sur- 
face of the lower rotating flap generally decreased as 
thrust- vector angle increased from 15° to 60°. The 
45° and 60° vectoring cases exhibit pressure distri- 
bution characteristics which are significantly different 
from those of the 15° and 30° vectoring cases and are 
similar in character to distributions observed for single- 
expansion-ramp nozzles (SERN). Reasons for these dif- 
ferences are discussed in more detail subsequently. 

Static pressure generally increased on the bottom 
surface of the lower-rotating-flap as thrust-vector an- 
gle increased in all cases except at 6 V — 15°. At this 
thrust-vector angle, the throat height of the secondary 
exhaust passage hi is small relative to the exit height 
(formed by the lower rotating flap and the termination 
of the fixed lower-flap radius). Therefore, there is a rel- 
atively large secondary-passage expansion ratio (ratio 
of exit area to throat area). Since the NPR required for 
fully expanded flow (design NPR) is much higher than 
NPR = 3.0 for a large expansion ratio, the secondary 
exhaust passage is greatly overexpanded. The static- 
pressure- ratio distributions shown for 6 V = 15° reflect 
this fact and indicate shock-induced separation over the 
last 50 percent of the bottom surface of the lower ro- 
tating flap. This shock-induced separation is generally 
characterized by a sudden increase in pressure followed 
by a “plateau” or region of little change in pressure. 
With such a large separated region, nozzle thrust per- 
formance would be expected to suffer. Of course, as 
NPR is increased, these shock- induced-separation losses 
should decrease and result in increased nozzle perfor- 
mance in the secondary passage. Unfortunately, the 
primary-nozzle passage at S v = 15° forms a convergent 
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nozzle with a design NPR of approximately 2.0; hence, 
increases in the performance of the secondary-nozzle 
passage may be more than offset by increased under- 
expansion losses (NPR > design NPR) in the primary 
passage as NPR is increased. 

As might be expected with the large variations in 
static-pressure distributions shown in figure 4, geomet- 
ric thrust-vector angle also had a large impact on throat 
location (p/ptj = 0.528), especially on the lower rotat- 
ing flap. As 6 V increased, the throat location moved up- 
stream on the top surface of the lower rotating flap and 
downstream on the bottom surface of the lower rotating 
flap. These shifts in throat location have a large effect 
on the length of the external expansion surface (expan- 
sion occurring downstream of the nozzle exit) and are 
at least in part responsible for the fact that these data 
exhibit some similarity to SERN static-pressure distri- 
butions. (See refs. 19, 20, 22, and 24.) This was espe- 
cially true at the higher geometric thrust-vector angles 
(45° and 60°). Very often, SERN static-pressure distri- 
butions on the ramp are characterized by a pattern of 
alternate regions of expansion and compression. Exam- 
ination of model geometry (e.g., see fig. 3(b)) indicates 
that the lower rotating flap becomes an external expan- 
sion surface aft of the exit planes of both the primary 
and secondary exhaust passages during vectored-thrust 
operation. 

For the 6 V = 60° configurations, it is seen in fig- 
ures 4(a) and (b) that the initial extreme overexpan- 
sion downstream of the throat on the top surface is 
followed by a compression (increased pressures), an ex- 
pansion (decreased pressures), and another compression 
(which may be a weak shock near the trailing edge of 
the lower rotating flap). The SERN-like trends are more 
predominant at the higher thrust-vector angles because 
the upstream movement of the throat in the primary 
exhaust passage results in a relative increase in the ex- 
posed length of the external expansion surface as thrust- 
vector angle increases. 

Effects of vector angle on upper-flap pressures . The 

effects of thrust-vector angle on upper-flap centerline 
static-pressure distributions are presented in figure 5. 
In all cases except 6 V — 60° with the long upper rotat- 
ing flap installed (fig. 5(c)), static-pressure ratios were 
higher for vectored nozzle configurations than for un- 
vectored configurations. For thrust-vector angles from 
15° to 45°, variations in static-pressure distributions for 
changes in vector angle were very small. The location 
of the nozzle throat ( p/ptj = 0.528) was downstream 
of the last orifice on the upper rotating flap (except for 
the long upper rotating flap at 6 V = 60°). This location 
indicated subsonic flow up to the nozzle exit. Several 
studies (summarized in ref. 23) have concluded that 
subsonic turning of the exhaust flow results in fewer 
turning losses; hence, reasonably high primary exhaust 


passage performance might be expected. The 6 V = 60° 
configurations resulted in static pressures on the upper 
rotating flap for all three upper-rotating-flap configura- 
tions which were lower than those for the other vectored 
configurations tested. As discussed previously in the 
“Nozzle Design” section, the upper rotating flap was 
not rotated downward as much for the 6 V — 60° con- 
figurations as for the 6 V = 30° and 45° configurations. 
As a result, the primary exhaust passage convergence 
is decreased relative to the S v = 30° and 45° configura- 
tions, and for the case of the long upper rotating flap, 
some primary-passage divergence actually occurs. The 
net result is an overall decrease in the static pressure 
on the upper rotating flap. 

Effects of vector angle on lower-flap fixed-segment 
pressures . The effects of design thrust-vector angle on 
static-pressure-ratio distributions of the fixed segment 
of the lower flap are presented in figure 6 for the baseline 
upper rotating flap. Data are presented only for the 
baseline upper rotating flap, because lower fixed-flap 
static pressures were independent of the upper rotating 
flap configuration. Once the secondary exhaust passage 
was opened (<5 V > 0°), pressures on the lower fixed 
flap decreased, and throat location moved upstream 
as 6 V increased up to 30°. Additional increases in 
thrust-vector angle had little effect on throat location. 
Of course, only the primary throat exists when the 
secondary exhaust passage is closed (6 V = 0°). 

Effects of upper-rotating-flap configuration. The 

effects of upper-rotating-flap configuration on static- 
pressure-ratio distributions of the lower rotating flap 
can be examined by comparison of figures 4(a) to (c). 
Pressure distributions on the bottom surface are rela- 
tively independent of upper-rotating-flap configuration. 
Upper-flap exit terminal angle had almost no effect on 
static pressures on the top surface of the lower rotat- 
ing flap, but static pressures were generally somewhat 
higher for the long upper rotating flap. 

Comparison of figures 5(a) to (c) indicates that in- 
creased convergence (relative to the baseline) resulting 
either from a steeper terminal angle (as on the angled 
upper rotating flap) or from increased length of the 
converging region (as on the long upper rotating flap), 
caused an increase in static pressures on the rotating 
segment of the upper flap. Again, the 60° vectoring 
case is the exception. 

Contours of p/ptj> Contours of sidewall p/ptj 
for several nozzle configurations are presented in fig- 
ure 7. These contours were computed using a very lim- 
ited number of pressures (see fig. 3(d)) and should be 
used only as a qualitative indication of internal flow 
properties. The pressures used for the contours con- 
sisted of the entire series of static sidewall and upper- 
and lower-flap centerline static pressures where needed 
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to represent a reasonable contour. Thus, it was assumed 
that the flap centerline static pressures were uniform 
across the entire flap width. It must be cautioned, how- 
ever, that a substantial nonuniform, three-dimensional 
flow field can exist, especially in the throat region, as 
discussed in reference 25. Straight and Cullom (ref. 25) 
report that sidewall static pressures in the throat re- 
gion tend to remain higher than flap static pressures at 
a given axial station. 

Contours of p/ptj for all three upper- rotating-flap 
configurations are presented in figures 7(a) to (c) for 
6 V = 0°. As discussed previously, internal static pres- 
sures at a given axial location in the nozzle were some- 
what higher for the angled and long upper rotating flap 
than for the baseline upper rotating flap. In all cases, 
the pressure distributions were uniform. 

The remaining contour plots of p/ptj are for the 
range of thrust-vector angle tested with the baseline 
upper rotating flap and are presented in figures 7(d) 
to (g). For S v ~ 15°, the contour plot shown in 
figure 7(d) indicates, as discussed previously, highly 
expanded flow in the secondary exhaust passage and 
subsonic flow up to the nozzle exit in the primary nozzle 
passage. As expected, the secondary-passage throat 
( p/ptj = 0.528) is formed near the leading edge of 
the lower rotating flap. Increases in the thrust-vector 
angle to 30° or higher result in relatively uniform flow 
in the secondary nozzle passage. (See figs. 7(e) to (g).) 
As the lower rotating flap angle 6i increases, throat 
location on the bottom surface of the lower rotating 
flap moves downstream, and the throat appears to 
be more or less perpendicular to the lower rotating 
flap. As was the case for S v = 15°, both the 6 V = 
30° and S v = 45° configurations indicate subsonic 
flow up to the primary exhaust passage exit; hence, 
prospects for efficient turning of the exhaust flow are 
good. For S v = 45° (fig. 7(f)), a small separation 
bubble appears to form in the primary exhaust passage. 
This bubble appears to be very small, and therefore 
should have little effect on performance. At 6 V — 60° 
(fig. 7(g)), supersonic flow occurs over a large portion of 
the lower rotating flap in the primary exhaust passage. 
The fact that the pressures on the top surface of the 
lower rotating flap are considerably lower than on the 
bottom surface should help to provide a net normal 
force upward, which should improve resultant turning 
angle. 

Performance Comparisons 

Nozzle internal thrust ratio F/F x , resultant thrust 
ratio F t /F x , discharge coefficient w p /w x , and resultant 
thrust-vector angle 6 are presented in figure 8 as a 
function of NPR. Data are presented for each upper- 
rotating-flap configuration investigated at constant val- 
ues of design thrust-vector angle 6 V . Faired lines with no 


symbols indicate resultant thrust ratio F r /F x . Also, the 
break in the F/F x scale for 6 V = 45° (figs. 8(d) and (e)) 
allows the presentation of both resultant thrust ratio 
F r /F x and thrust ratio F/F x on the same figure. 

Effects of upper -rotating-flap configuration . As 
seen in figure 8, upper-rotating-flap configuration had 
very little effect on resultant thrust ratio F r /Fi except 
at S v = 15°. At S v = 15°, the long upper rotating flap 
resulted in a 1-percent decrease in F r /F x when com- 
pared with the baseline and angled upper-rotating-flap 
configurations. The reason for this loss is not under- 
stood, but because the effects of upper-rotating-flap 
configuration on static-pressure distributions in the sec- 
ondary passage are small, it is assumed that most of the 
loss takes place in the primary passage. Examination 
of the static pressure in the primary passage for the 
6 V = 15° case (figs. 4 and 5) shows that static pressures 
on the top surface of the lower rotating flap remain 
higher for the long upper rotating flap than for either 
the baseline or angled upper rotating flaps. Also, it can 
be seen that the throat location on the lower rotating 
flap moves from x ft /li yTOt = 0.91 for the long upper flap 
to approximately 0.82 for the baseline and angled up- 
per flaps. This move causes more of the exhaust flow 
expansion to occur on the lower rotating flap for the 
baseline and angled upper flap than for the long upper 
flap. 

In general, resultant thrust-vector angle varied with 
NPR. This variation is common for nozzles with an ex- 
ternal expansion surface and is the result of the chang- 
ing pressure distribution on the external expansion sur- 
faces. The long upper rotating flap provided larger re- 
sultant thrust-vector angles than either the baseline or 
angled upper rotating flaps, probably because of the in- 
creased containment of exhaust flow on the upper sur- 
face of the lower rotating flap. Associated with these 
increases in resultant thrust- vector angle is an axial- 
thrust (body-axis) performance penalty. The reduced 
internal thrust ratio F/Fi of the long upper rotating 
flap is a result of a larger percentage of the thrust be- 
ing turned away from the axial direction. 

As might be expected, upper-rotating-flap configu- 
ration also affected nozzle discharge coefficient. In the 
unvectored-thrust mode (<5^ =0°), the baseline upper 
rotating flap provided the highest level of discharge co- 
efficient, and the long upper rotating flap the lowest. 
Apparently, losses due to viscous effects, which result in 
a reduction in the amount of mass flow capable of be- 
ing passed through the throat, increase with increased 
upper-flap and sidewall length. In fact, the increased 
length of the upper rotating flap causes a portion of the 
upper rotating flap to become an external expansion 
ramp. In this case, both the pressure distributions (ta- 
ble XII and fig. 7(c)) and resultant thrust- vector-angle 
data indicate that the throat plane may be skewed. This 
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is a common occurrence on single-expansion-ramp noz- 
zles. (See refs. 19 and 22.) Skewing of the throat plane 
may reduce the efficiency with which the nozzle passes 
mass flow. It may also provide different values of effec- 
tive throat area than the measured values. Once the 
nozzle was vectored (S v >0°), the long upper rotating 
flap produced the highest nozzle discharge coefficients, 
and the angled upper rotating flap produced the lowest 
discharge coefficients. One characteristic of both vec- 
tored and unvectored configurations is that nozzle dis- 
charge coefficient is not independent of NPR. Discharge 
coefficient tends to increase with increasing NPR, but 
the increases appear to be smaller at the higher vector 
angles. Unfortunately, little insight as to why this oc- 
curs could be gained from examination of the internal 
pressure distributions on the unvectored ( S v = 0°) con- 
figurations, because the nozzle throat was formed aft 
of the most downstream pressure orifice location. How- 
ever, the pressure distributions for the vectored configu- 
rations suggest that throat location does vary with NPR 
in both the primary and secondary exhaust passages. In 
the primary exhaust passage, the static- pressure data 
indicate that throat location on the top surface of the 
lower rotating flap generally moves throughout the NPR 
range tested except when 6 V = 60°, where the throat is 
upstream of the first pressure orifice location on the 
lower rotating flap. Throat location in the secondary 
exhaust passage (on the bottom surface of the lower ro- 
tating flap) appeared to vary only up to a nozzle pres- 
sure ratio of approximately 3.0. As would be expected 
from the above discussion, the largest amount of varia- 
tion of nozzle discharge coefficient with NPR occurred 
between NPR = 2.0 and 3.0. (See fig. 8.) 

Summary of design thrust-vector-angle effects . 
A summary of the effects of design thrust-vector angle 
on resultant thrust ratio and vector angle for configu- 
rations with the baseline upper rotating flap is shown 
in figure 9. All data are presented at a nominal nozzle 
pressure ratio of 3.0. 

Except for the 8 V = 15° configuration, resultant 
thrust ratio levels remained high (within 1 percent of 
the unvectored nozzle) up to the maximum geomet- 
ric vector angle tested. As discussed previously, the 
losses associated with the 15° vectoring configuration 
are believed to result from large overexpansion losses 
in the secondary exhaust passage. The relatively high 
levels of performance throughout the range of design 
vector angles investigated indicate that a majority of 
the exhaust flow turning is being accomplished with a 
subsonic exhaust flow where turning losses are small. 
This nozzle concept generally provided resultant thrust- 
vector angles equal to or greater than geometric (de- 
sign) thrust-vector angles at NPR = 3.0. Also, the un- 
vectored (<5 V = 0°) nonaxisymmetric nozzle configura- 
tions investigated had peak static internal performance 


levels comparable with other unvectored convergent or 
low-expansion-ratio axisymmetric nozzles. (See refs. 26 
to 29). 

Conclusions 

An investigation has been conducted at wind-off 
conditions in the static-test facility of the Langley 
16- Foot Transonic Tunnel to determine the internal per- 
formance characteristics of a two-dimensional conver- 
gent nozzle with a thrust-vectoring capability up to 
60°. Vectoring was accomplished by a downward ro- 
tation of a hinged upper convergent flap and a corre- 
sponding rotation of a center-pivoted lower convergent 
flap. The effects of geometric thrust- vector angle and 
upper-rotating-flap geometry on internal nozzle perfor- 
mance characteristics were investigated. Nozzle pres- 
sure ratio (NPR) was varied from 1.0 (jet off) to approx- 
imately 5.0. Results of this study indicate the following 
conclusions: 

1. Unvectored two-dimensional convergent nozzles 
have peak static internal performance levels comparable 
with unvectored axisymmetric convergent nozzle levels. 

2. The two-dimensional convergent nozzle concept 
investigated was, in general, highly effective in provid- 
ing large thrust- vector angles (up to 60°) with little 
loss in resultant thrust ratio. The exception to this 
occurred at a design thrust- vector angle of 15°, where 
shock- induced separation in the secondary exhaust pas- 
sage caused losses in resultant thrust ratio. 

3. Upper-rotating-flap configuration had little effect 
on resultant thrust ratio except at a design thrust- 
vector angle of 15°, where the long upper rotating flap 
provided decreases in nozzle performance. The long up- 
per rotating flap did, however, provide increased turn- 
ing angles over baseline and angled flaps throughout the 
design thrust-vector angle and NPR range tested. 

Langley Research Center 

National Aeronautics and Space Administration 
Hampton, VA 23665 
November 1, 1984 
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TABLE I. IMPORTANT CONFIGURATION PARAMETERS 


Conf 

6 V , deg 

6i, deg 

<5 U , deg 

Upper flap 

Sidewall 

*h u , in. 

*hi , in. 

*A U in 2 

1 

0 

-12.7 

6.9 

Baseline 

Baseline 



7.914 

2 

15 

15.0 

44.3 





1.593 

0.384 

7.904 

3 

30 

30.0 

56.4 





1.355 

.682 

8.144 

4 

45 

45.0 

60.6 





1.162 

.936 

8.390 

5 

60 

60.0 

51.9 





1.130 

1.072 

8.806 

6 

0 

-12.7 

15.0 

Angled 





7.914 

7 

15 

15.0 

52.4 





1.159 

.384 

7.896 

8 

30 

30.0 

64.5 





1.350 

.680 

8.116 

9 

45 

45.0 

68.7 





1.162 

.936 

8.388 

10 

60 

60.0 

60.0 





1.190 

L072 

9.046 

11 

0 

-12.7 

6.9 

Long 

Extended 



7.834 

12 

15 

15.0 

44.3 





1.395 

.381 

7.102 

13 

30 

30.0 

56.4 





1.153 

.682 

7.338 

14 

45 

45.0 

60.6 





1.032 

.936 

7.870 

15 

60 

60.0 

51.9 





1.125 

1.072 

8.786 


’Measured values. 
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TABLE II. Concluded 


(b) Sidewall pressures 


NPP 

P&5ID1 

ppsm? 

PRSI03 

PRSID* 

PRSI05 

PRSID6 

PRSI07 

PRSI08 

PR S 109 

PRSID10 

2.0)3 

.8511 

.8*25 

.8589 

.8*90 

.8365 

.8591 

.8522 

.8313 

.6662 

.8580 

2.52* 

.0*98 

.8*16 

.8571 

.e*ei 

.8356 

.8577 

.851* 

. 8306 

.86*2 

.8565 

3.312 

.8*0? 

.8*19 

.8565 

.0*8* 

.8360 

.6581 

.8517 

.8305 

. 865C 

.9573 

3.978 

.850* 

.8*22 

.855* 

.8*79 

.8363 

. 0563 

.8515 

.8299 

.86*2 

.8567 

5.020 

• 8*97 

.8*12 

.6533 

.8*69 

.8356 

.6575 

.8503 

.8287 

• 8633 

.0555 


NPP 

PR 551011 

PR S I 012 

PRS1D17 

PR3ID18 

PRSI019 

PRSID20 

PRSID21 

PRS 10? 2 

PRSID23 

PRSID2* 

? • 003 

.8*22 

.82*3 

.8203 

.6103 

.7558 

. 6081 

.76*3 

.7868 

.7666 

.7*92 

2.52* 

.8*08 

.8 228 

.6276 

.8096 

.75*1 

.6072 

.7626 

.7850 

.7638 

.7*67 

3.012 

.8*1* 

.8230 

.8277 

.8095 

.75*4 

.007* 

.7625 

.785* 

.76*2 

.7*67 

3.97 8 

.8407 

.8223 

.627* 

.8090 

.75*6 

.6072 

.7625 

.7857 

. 7651 

.7*70 

5.020 

.039* 

.8208 

.6260 

• 8v 75 

.75*3 

.6061 

.7617 

.7855 

.7659 

.7*6* 


*PR 

PP S I D?f> 

PRSID26 

PKS1D27 

PRSI028 

RRSI02R 

PRS 1030 

PRSID31 

PRS I 033 

PRS 1036 

2.003 

.729* 

.697P 

.7677 

.7200 

.6731 

.7*72 

.5867 

.5906 

.5822 

2.52* 

.7273 

.6950 

.7661 

.7279 

.6699 

.7*57 

.5797 

. 5827 

.57*6 

3.012 

.727* 

.695* 

.7663 

.7261 

.6699 

.7*58 

.5802 

. 5836 

.57*3 

3.970 

.7275 

.6956 

.7666 

.7265 

• 6 70w 

• 7 *6t 

.5807 

.583* 

.57** 

5.020 

.7269 

.6951 

• 7660 

.7275 

.6699 

.7*57 

. 5806 

. 5030 

.57** 

























TABLE III. Concluded 


(b) Sidewall pressures 


NPR 

PRSIPI 

PP5ID2 

PRS1D3 

pRsm 

PRSI05 

PRSI06 

PR S 1 07 

PRSID8 

PRS109 

PRSID10 

PR S 1 01 2 

1.991 

.8693 

.8619 

.8538 

.8559 

.0386 

.6280 

.8*96 

.7925 

.*263 

.2157 

.78*1 

2.506 

.86*7 

.8567 

. 6 66w 

.8512 

.0317 

.6250 

.8*32 

.7835 

.*236 

.2100 

.7751 

3.000 

.8 632 

.8553 

.8619 

.8*97 

.8301 

.6236 

.0*1* 

.7«08 

.*222 

.2100 

.7726 

2.99^ 

.8*33 

.8553 

• 8 60 8 

.8*96 

.0299 

. 8239 

.8*1* 

.7808 

.*226 

.2098 

.7726 

3.996 

.8626 

.85*3 

.8628 

.8*85 

.8291 

.6226 

• B*0* 

.7792 

.*205 

.207? 

.771* 

5.020 

.6620 

.8536 

.8563 

.0*72 

.8283 

.6218 

.839* 

.7778 

.*203 

.2063 

.7700 


NOR 

PPSID13 

PRSI 01* 

PP5ID15 

PRSID17 

PRS1D18 PRS1019 

P R S ID? 0 

PRSI021 

PRSID22 

PRSTD23 

1.991 

.*850 

.*759 

.*985 

.9227 

.8855 

.6838 

.8*57 

.83*8 

.7966 

.7851 

2.538 

,3563 

.3072 

.3*51 

.9210 

.8019 

.679* 

.8*00 

.8285 

. 7678 

.7752 

3.000 

.2712 

.2106 

.2*57 

.9197 

.0006 

.6762 

.8378 

.8265 

.7853 

.7728 

2.983 

.2732 

.2112 

.2*71 

.919* 

.8905 

• fc 7 8 i 

.8378 

. 826* 

. 7953 

.7723 

3.996 

.2106 

.1108 

.1192 

.9180 

.879* 

.6773 

.836* 

.8251 

.78** 

.7725 

5.020 

.1932 

.1051 

.1165 

.9171 

.8782 

.6773 

.8353 

.82*8 

.76*0 

.7736 


NPR 

PR5ID2* PRSID25 

PRS1D26 

PR S I 027 

PRSI028 

PR5ID29 

PRSID30 

PRSID31 

PRSID33 

PRSID36 

1.991 

.773* 

.7*70 

.6902 

.7*51 

.0983 

• 59*8 

.6578 

.5013 

• 5132 

.5299 

2.538 

. 762* 

.7341 

.6723 

.7326 

.6765 

.53*5 

.6350 

.3979 

.*167 

.***2 

3.000 

.7596 

.7307 

.6695 

.7292 

.670* 

.*927 

.6288 

.3325 

.3583 

.*03* 

2.983 

.7596 

.7307 

.669* 

.7292 

.6690 

.*939 

.6288 

.33*5 

.3599 

.*0*6 

3.996 

.758* 

.7292 

.6682 

.7281 

.6692 

.*691 

.6266 

.2*95 

.2789 

.3*87 

5.020 

.7579 

.7288 

.6678 

.7275 

.677* 

.*687 

.6255 

.198* 

.2359 

.3228 
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TABLE IV. Concluded 


(b) Sidewall pressures 


M p R I PPSID1 PRSID2 PKS103 PRSID4 PRSID5 PRSID6 PRSID7 PRSI09 PRSID10 PRST011 


MD p 

PP*IP13 

PRSID14 

PR51D15 

PRSI016 

PRS1D17 

PRSID18 

PR S 1019 

PRSI020 

PRSID21 

PRSID22 

2,009 

.4907 

.4920 

,5220 


B 

.8896 

.9233 

.6301 

.6301 

.7581 

2,511 

• 3758 

, 347« 

.2757 


B 

• 8868 

.9193 

.8239 

.8240 

.7480 

3,006 

.2963 

,2296 

, 2459 

.2470 

.9329 

. 6863 

.9187 

. 8228 

. 8232 

.7460 

4. 019 

.1716 

.2143 

.2460 

,2493 

.9314 

. 8849 

.9164 

.8215 

.8230 


5,028 

.1408 

.2137 

.2466 

.2477 

.9291 

. 8829 

.9137 

.8193 

.8213 



°R5 I P23 PRSID24 PR5ID25 PR$ID27 PRSI028 PRSID29 PRSID30 PRSTD31 PRSID33 PRSID36 


262 

.6962 


n 

.5176 

. 5644 

. 4971 

. 4968 

.5119 

136 

.6833 



. 4260 

. 5268 

.3978 

. 3972 

.4080 

110 

.6820 

.6716 

.5569 

.3676 

.5207 

.3320 

. 3318 

. 3447 

112 

,6824 

.6711 

. 5560 

.2951 

.5183 

. 2483 

. 2481 

,2725 

107 

.6826 

,6702 

. 5533 

.2524 

.5191 

.1984 

.1984 

.2316 
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TABLE V. Concluded 


(b) Sidewall pressures 


M°P| PR5ID1 PRSID2 P R S 103 PRS1D4 PRS105 PRSID6 Pk^JO? PR $ 1 09 PRS1U10 PRSJ011 


84 

. 3529 

. 7320 

.8163 

. 5048 

. 5821 

.6068 

47 

.6497 

.7266 

.8114 

.4723 

. 3409 

. 5671 

46 

.6449 

.7262 

.8115 

.4703 

. 5404 

.5664 

4b 

.8435 

. 7266 

.8116 

. 4688 

. 5398 

.5663 

46 

.3460 

.7265 

.8115 

. 4680 

. 5389 

. 5662 



D R S I 0 1 3 

PRSID14 

PR SI D 1 5 

PR S I D 1 6 

PRSI017 

PRSI D18 

PRSID19 

PRSID20 

PRSID21 

PRSI 022 

2.015 

.4601 

.494e 

.5232 

. 5326 

.9330 

. 8743 

.9217 

. 7657 

.8011 

.6329 

2.507 

. 3747 

.4202 

.4354 

.4347 

.9319 

.6722 

.9200 

. 7587 

. 7962 

.6177 

3.038 

. 2 544 

.3202 

.3935 

.4207 

.9314 

.6713 

.9188 

. 7590 

. 7963 

.6184 

3.987 

.2029 

.3159 

. 3937 

.4210 

.9306 

. 6703 

.9177 

. 7573 

.7967 

.6210 


.1968 

.3128 

. 3936 

. 4200 

• 9 24 7 

.8694 

.9169 

. 7565 

.7969 

.6241 


N P R 

PRSID23 

PRSID24 PKS1D25 

PKS1D27 

P RS i D 2 3 PRS1D29 

PRSID30 

PRSID31 PRSID33 

PRi 1036 

2.015 


.6545 

.6066 

. 5970 

. 5469 

.4953 

.5211 

.4952 

.4955 

.4941 

2.507 


.6404 

.5062 

. 5650 

. 4690 

. 3960 

.4805 

. 3978 

. 3982 

.3987 

3.038 


.6401 

.5869 

. 5597 

.4216 

. 3297 

. 4555 

. 3283 

. 3284 

,3322 

3.997 

. 6331 

.6409 

.5869 

. 5596 

.397<f 

.2556 

. 4488 

.2500 

.2501 

.2612 

5.040 

1 .6359 

.6421 

.5871 

. 5603 

.3960 

.2064 

.4480 

. 1977 

.1978 

.2102 








































TABLE VI. Concluded 
(b) Sidewall pressures 


NPP| pe^jni PRSID2 PP51D3 PRSID4 


PP51D6 


oRSIOP PRSID9 Pk$ID 10 PR^IOll 


77 .8072 , 8420 .9C 

37 .8017 .8363 .9( 

37 ,8020 .8358 .9014 

43 .8017 .8360 .9017 


303 .8196 

219 .8126 

.7217 .8122 

.7218 • P 1 2 0 


.6561 .7132 
.6258 .6869 
.6253 .6861 
.6254 .6860 


°?SI D12 

PR S I 0 1 3 

PP6ID14 

PR $ 1 D 1 5 

PRSI016 

PRSID17 

PRSiniB 

PRS 1 0 ] 

.7636 

.4613 

.5 395 

. 59 59 

.6242 

.9116 

*8379 

.85" 

.7412 

. 3708 

.4340 

. 5333 

. 5 773 

.9078 

. 0301 

. ft 4 f 

.7407 

.2972 

, 4241 

.5297 

.5754 

.9071 

. 8299 

. 84E 

.7404 

.2866 

.4216 

. 5294 

.5743 

.9067 

.3299 

.34? 


'0 

.6195 

.7066 

. 3631 

58 

.3089 

.6929 

.1783 

'3 

.5884 

.6826 

.1769 

?1 

. 5680 

.6825 

.1761 


3 P c T 0 2 3 PR r m2^ PPSJD25 PKSID26 PRSI027 FR5ID28 PR<?T02Q PPSin 3 o Pft S ID 3 1 PRSI033 PRSI036 


2.025 ,4820 
2.496 .3751 
?.°9 8 .3726 
3.356 .3717 


j 432 

.5684 

. 4918 

. 3525 

. 3824 

.502' 

♦ 809 

. 5248 

.3999 

.2531 

.2861 

.399] 

♦ 806 

.5245 

. 3409 

.1998 

.2882 

• 32? e 

♦ 805 

.5244 

.3137 

. 1999 

. 2881 

,285' 


4207 

.4926 

• ' 

3650 

.3996 

• 

3184 

. 3327 

t 

3115 

.2975 

• ; 


49 

2 

5 

.4 

39 

9 

5 

.4 

3 3 

2 

3 

.3 

29 

7 

1 

.3 














TABLE VII. RATIO OF INTERNAL STATIC PRESSURE TO JET TOTAL PRESSURE FOR CONFIGURATION 6 

(a) Flap pressures 





Upper 

flap pressures 








x'/l 

u „ rot 




'npp 

-1.306 

-.823 

-.537 

-.251 

.178 

.392 

.606 

.819 

2.012 

.8614 

.8701 

• b9o4 

.8687 

.7462 

.7805 

.797? 

.7249 

2.500 

.«5Q5 

.9682 

* 6 92 3 

.8663 

.7415 

. 7766 

.7943 

.7194 

3. J36 

.6*506 

.8680 

.69 5j 

.8665 

.7405 

.7765 

.7953 

.7194 

4 .048 

• P 604 

.8690 

.8999 

.6670 

.7408 

.7776 

*7988 

.7207 

5. 035 

.8596 

.8665 

• 9014 

.8666 

.7403 

.7781 

.8015 

.7212 


Fixed lower flap pressures 


xV \, fixed 

NPP 

.385 .605 .846 

2.01? 

.854? .8537 .6628 

2. *00 

.8579 .8509 .bfcii 

3.006 

.8577 .9503 • b81 3 

4.048 

• 9 53C .8499 .8616 

5.005 

.8523 .8486 .8610 


Lower rotating flap pressures 
Top 






x’7i 









i 

,rot 




NPP 

.131 

.242 

.353 

.463 

.574 

• 6P 5 

.706 

.906 

2.012 

.8651 

.0370 

.8122 

.7722 

.753) 

• 7 360 

.7129 

.6531 

2.500 

.8639 

.8341 

.8091 

.7687 

.7481 

.7316 

.7077 

.6441 

3.006 

.8641 

.8339 

.6085 

.7680 

.7466 

. 7306 

.7066 

.6431 

4.040 

.864,0 

.8349 

.6083 

* 76 7u 

.7450 

.7300 

.7060 

.6424 

5.0)5 

.8636 

.8349 

.8072 

.7651 

.7441 

.7290 

.7049 

.6421 
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TABLE VII. Concluded 
(b) Sidewall pressures 


PR5 ID1 

PRS 102 

PRSXD3 

PRS1D4 

PRS 10 5 

PRSID6 

PRSID7 

PRSTD8 

PRSID9 

PRS 

• p 54C 

.0451 

.6553 

.8522 

.6397 

.6590 

• p 546 

.8354 

.0703 

. 

.8513 

.8424 

.6541 

.9494 

.8373 

.0574 

• 0525 

.6330 

.8660 

. 

• 8 5 C 8 

.8419 

.6526 

.6408 

.637J 

.6573 

.8522 

.8322 

.0681 

. 

. e c i o 

.642? 

.6540 

.8487 

.8372 

.8577 

.0521 

.6319 

.8692 

. 

I .8 504 

.8414 

.6529 

.8477 

.8366 

.6572 

.8510 

.8308 

.0669 

* 


PR? I nil PRSID12 PRS1017 PRSIDie PRSID19 PPSID20 PRSID21 P RS ID 22 PRSID23 PRSID24 


37 

.8272 

.6305 

.8139 

. 

15 

.6 248 

.0284 

• 6110 

. 

15 

.6246 

.6281 

.8105 

. 

17 

.8245 

.6276 

• 8 L' 9 6 

. 

07 

.8234 

.6262 

• 8081 

. 


PR S I D? 5 PPSID26 PRS1D27 PRSID26 PR5I029 PRSID30 PRSID31 PP*IP33 PRSID36 


2 . 01 ? 
2. *500 
3.016 
4.048 
5.015 











































TABLE VIII. Concluded 


(b) Sidewall pressures 


NOR 

PRSID1 

PRS 102 

PRS 103 

PRSID4 

PRSID5 

PRSID6 

PR S 107 

PRSID8 

PRSID9 

PRS I 010 

PR S 1 01 2 

2 . on 

.8747 

. P 694 

.6603 

.8633 

.5491 

.6294 

.8603 

.8072 

.4295 

.2241 

.7993 

2.507 

• P 672 

.8610 

.6521 

.8548 

• 8 394 

.6226 

.8502 

.7966 

.4275 

.2066 

.7864 

3.050 

• 8 6 5 C 

.8587 

• 85^2 

. 8520 

.8364 

.8213 

.8467 

.7913 

.4273 

.2066 

.7823 

4.038 

. 864? 

.8574 

.8528 

.8506 

.8347 

.6217 

.8444 

• 7 8 P 7 

.4278 

.2085 

.7804 

5.04C 

.8639 

.8568 

.8519 

• 84 97 

.8344 

.8216 

. P433 

.7873 

.4279 

.2078 

.7792 


NPR 

PRMP13 

PR S I 014 PPSID15 

PRSID17 

PRS1D18 

PPSID19 

PPSID2Q 

PRSID21 

PRS1D22 

PRS I 023 








OC-FD 

a C 1 L 





• 4 926 

« ~r t -i \i 

.'201 

t V T J J 

• IVJ. 

« vv 1 w 




2.537 

• 3693 

• 2 69 r > 

.33x7 

.9219 

.3369 

.8974 

. 8403 

.84*6 

• 8007 

.7914 

3.050 

.2603 

.128* 

.1126 

.9206 

.8352 

. 8959 

.8465 

.8462 

.7969 

.7879 

4.03P 

.1448 

. 0 9 3 P 

• a c 6 1 

.9165 

.3842 

• 8 95 c 

. 8446 

. 3447 

.7954 

.7871 

5.040 

.1024 

.0983 

.1056 

.9175 

.3333 

.8943 

.8436 

.8443 

.7954 

• 7 8 8 ? 


NPP 

PPM D?4 

PR S I 02 5 

PRS1D26 

PkS I 027 

PRS1Q23 

FRS1D29 

PRS I 030 

PRS 1031 

PRSID33 

PKSI036 

2.001 

.7952 

.7746 

.7127 

.7630 

.7189 

.6052 

.6766 

.5001 

.5092 

.5405 

2.517 

.7e2C 

.7594 

.692<> 

.7472 

.6948 

.5453 

.6513 

.3989 

• 40 72 

.4576 

3 • C 5 j 

.7776 

.7543 

.667 8 

.7423 

.6857 

.5o98 

.6427 

.3276 

.3375 

.4113 

4.038 

.7750 

.7518 

.6896 

.7403 

.6307 

.4721 

.6399 

. 2471 

.2672 

.3631 

5.040 

.7 75 6 

.7516 

• t 9ou 

.7396 

.6300 

.4671 

.6384 

.1979 

. 2236 

.3368 
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TABLE IX. RATIO OF INTERNAL STATIC PRESSURE TO JET TOTAL PRESSURE FOR CONFIGURATION 8 

(a) Flap pressures 


Upper flap pressures 


x * /\ 

u,rot 


.17P 


Fixed lower flap pressures 


x ' /l l, fixed 


996 

• 7 0 A 

96A 

.699 

957 

.693 

Q59 

.697 

956 

.696 


Lower rotating flap pressures 


x"/l 

\ ,rot 


353 • A 63 • 57A 


A 67 

.7096 

.6169 

.5567 

. 5263 

. 5067 

.516 

3 A 0 

• 6 9A 7 

.5936 

.5127 

. A596 

. A 16 1 

. 357 

298 

.6897 

. 5877 

. A957 

. A356 

. 3828 

• 3 1 A 

276 

.6869 

. 5852 

.A 795 

. A120 

.3528 

.281 

'273 

.6660 

• 5 8 A 5 

• A 778 

. A095 

• 3 A A 2 

.267 


1 , rot 


3 • A 63 .57A 


.5320 • A 7 1 3 .3659 

• 2568 • 3 A A8 .2935 

• 2 5 A 1 . 1683 .2119 

.2552 • 1 6 9 A .0927 

.2557 .1696 .0925 


2 





























TABLE IX. Concluded 
(b) Sidewall pressures 


NPRIPRSIP13 PRSID14 PKSID15 PR.SI016 Pft$iD17 P ft M D 1 8 PRSID19 D RSin20 PKSID21 PRSir>22 


.4 880 

.4918 

.5243 

. 5262 

. 9 372 

.6996 

.9327 

. 8470 

. 8562 

• 


• 3 73 H 

.3 563 

.2629 

.2453 

.93^9 

.6962 

. 929^ 

. 8404 

.8521 


7689 

.2943 

. 2262 

.2466 

. 2436 

.9341 

• t 9 4 9 

.9283 

.8381 

.6501 

• 

7650 

.1619 

.2120 

.2471 

.2423 

.9324 

.6933 

.9267 

. 3363 

. 8489 

• 

7632 

.1385 

.2117 

.2475 

.2368 

.9310 

. 8924 

.9256 

. 8350 

. 8483 


7628 


2.015 
2.508 
2.989 
A. 047 
4.999 


:P23 

PRSI024 

PRSID25 

PkS 1 0 27 

PRS1D28 

PP $ 1029 

p ft s in 3 o 

° RS I D 31 

PRSID33 

PR3T036 

'70 2 

.7494 

.7197 

.7104 

.6263 

.5114 

. 5870 

. 4956 

.4953 

.5131 

'575 

.7342 

.7004 

.6935 

.5902 

. 4222 

.5512 

. 3982 

. 3980 

.4174 

'5 37 

.7291 

.6953 

.6876 

.5716 

.3644 

. 5378 

. 3338 

. 3338 

.3502 

'523 

.7267 

.6939 

• 6b 43 

. 5530 

. 2866 

. 5305 

. 2466 

. 2464 

.2716 

'531 

.7265 

.6932 

.6838 

.5507 

. 2475 

. 5300 

.1995 

.1994 

. 2342 




































TABLE X. Concluded 
(b) Sidewall pressures 


PRSIP1 PRSID2 PRSID3 PRS1D4 PR5I05 PRSID6 PR^I07 PR$ ID9 PRSID10 PRSID11 


PR S I P 1 

PRSI 

• R 62 5 

.86 

. R 5 e 2 

.86 

.8579 

.86 

. 8584 

.86 

. 8 579 

.86 


.8101 .8452 

.8105 .8452 


7 .857 

B . 353. 
.8452 .0520 

.8452 .9514 

.6451 .8509 


29 . 8 

69 • 8 , 

.7263 .8104 

.7268 .8107 


5065 

.5696 

.6056 

4720 

. 5496 

.5646 

4702 

. 5495 

.5641 

4668 

. 5499 

.5642 

4679 

. 5494 

.5643 


NPR 

PPSI013 

PRSID14 

PFSID15 

PRSID16 

PR S 1 017 

PRS1D18 

PRSTD19 

PRSI020 

PRS1D21 

PRSI022 

2.003 

.4634 

.4933 

.5252 

.5333 

.9331 

. 8861 

.9302 

.7912 

.8365 

.6792 

2.500 

. 3774 

.4221 

.4344 

. 4325 

.9321 

.8833 

.0286 

.7826 

.8308 

.6606 

3.037 

.2551 

.3174 

.3017 

.4183 

.9317 

. 8827 

.9279 

.7808 

. 8298 

.6563 

4.004 

.2042 

.3147 

. 3922 

.4185 

.9303 

.8814 

.9264 

.7799 

.8302 

.6576 

4.507 

.1997 

.3137 

.3919 

.4184 

.9296 

. 8805 

. 9260 

.7796 

.8302 

.6585 


2. 003 
2.500 
3.037 

4.004 
4.507 


PR S I T 23 

PR<:iD2<» 

PRSID25 

PRSID27 

PR S 1 02 b 

PR $ I 029 

PRSID30 

prsid: 

.6883 

.6865 

.6393 

.6261 

. 5454 

.4990 

. 5330 

.49' 

.6694 

.6657 

.6142 

. 5952 

.4799 

.3995 

.4960 

.39* 

.6652 

.6616 

.6101 

. 5829 

.4407 

.3294 

.4734 

.32* 

.6651 

.6622 

.6082 

. 5800 

.4084 

.2530 

.4602 

.24* 

.6663 

.6625 

.6096 

.5799 

.4136 

.2262 

.4585 

. 22 : 


7 

.4988 

.4994 

1 

.3995 

.4029 

0 

. 3287 

.3363 

5 

.2493 

.2645 

4 

.2211 

.2370 













































TABLE XI. Concluded 
(b) Sidewall pressures 


NPO I 0 P r I n 1 PR ^ T 02 P P I D 3 PRSID9 RR>I95 PP6ID6 PRSID7 PRSJ08 PR51D9 PRSI010 PRSI011 


P?<IP12 PPST013 PP5iD19 PPM015 ORSID16 PPSIU17 Pk?TDl« PRSI019 PRSID20 PRSI921 PR 5 I 02 2 


1.990 .7667 
2.935 .7933 
3.030 .7913 
3.503 .7911 


.9638 .5502 
.3969 .9733 
.2939 .9251 
• 2*W .9213 


,5999 .6313 .9033 
.5966 .5393 .9001 
,5277 *5769 .9000 
,5273 .5767 .6993 


.8339 .8610 .6032 .7389 .3305 
.8275 .8593 .5899 .7233 .2869 
• p 2 7 5 .3538 • 5 1 9 3 .7290 . 2897 
.0270 .3535 .5839 .7230 .2839 


023 

PW? I 029 

0651025 PR."; 

► 876 

.5696 

.6019 

► 62e 

.3501 

. 5899 

► ^ 03 

.6962 

. 5 836 

t 500 

. 5979 

. 5 693 


173 

• 3 

567 

.2 

339 

.2 

286 

.2 


' PRSI028 

PR S T 02 9 

P R 3 I D 30 

PPSID31 

PR 6 I 0 

> .9008 

.5191 

.9616 

.5010 

.50' 

. 3906 

.9133 

. 3399 

.9011 

.90 

.3368 

. 3395 

.3318 

.3299 

• 3 2' 

> .3370 

. 2899 

.3319 

. 23 57 

.28 

















TABLE XII. RATIO OF INTERNAL STATIC PRESSURE TO JET TOTAL PRESSURE FOR CONFIGURATION 11 

(a) Flap pressures 


Upper flap pressures 


2.004 

2*493 

3.030 

3.997 

5.039 


67 

.6 

52 

.8 

46 

.9 

38 

.9 

21 

.9 


-.251 .178 .392 


.7380 .7312 

.7366 .7303 


.6501 
.6426 
.6419 
.6414 
• 6406 


Fixed lower flap pressures 



Lower rotating flap pressures 



3i 










TABLE XII. Concluded 
(b) Sidewall pressures 


NPR| PRSID1 PRSID2 PRSID3 PRSID4 PRSID5 PRSID6 PR SI D 7 PRSID8 PRSID9 PRSI010 °RSIP11 


.8 599 

• 8 5 80 
. 8 571 
.8562 

• 8 548 


.8572 .3463 
.8552 .8441 
.8546 .8433 
.8532 .8425 
.8514 .8415 


.8650 .8598 .8410 
,8630 .8583 .8390 
.8624 .8576 .8378 
.8619 .8563 .8362 
.8609 .8551 .8350 


1 

• 8 

2 

.8 

8 

.8 


69 

• 8 

48 

.8 

46 

• 8 


NPRIPRSID12 PRSID17 PRSID18 PRS1D19 PRSID20 PRSID21 PRSID22 PRSID23 PRSI024 PRSID25 PRSI026 


.8297 
.8 264 
.8271 


771 

.8200 

737 

.8178 

727 

.8170 

713 

.8154 

694 

.8140 



.7612 .7444 .7283 
.7600 .7430 .7274 
.7584 .7417 .7254 


2.004 

2.493 

3.030 

3.997 

5.039 


028 PPSID29 

PRSI030 

PRSID31 PRSID32 PRSID33 PRSI034 PRSI035 PRSI036 PPSI037 

'353 

.7079 

.7699 

.6563 

.6123 

.6507 

.6055 

. 5521 

.6423 

.5867 

'352 

.7014 

.7650 

.6485 

.6005 

.6406 

. 5845 

.5116 

.6301 

. 5382 

'353 

.6993 

.7636 

.6473 

.5991 

• 639* 

. 5824 

.5014 

.6297 

.5276 

'314 

.6983 

.7622 

.6465 

.5988 

. 6384 

.5816 

.5009 

.6297 

.5290 

'533 

.6975 

.7603 

.6431 

. 5986 

.6374 

.5814 

.5009 

.6288 

.5294 







































TABLE XIII. Concluded 
(b) Sidewall pressures 


NPRl PR5IDX pR$I02 PRSID3 PRSID4 PRSID5 PR5ID6 PRSID7 P R$ID8 PRSID9 


pb$t nio 

PRST 012 

PP5ID13 

PRSID14 

PRS1D15 

PR5ID17 

P R 5 T D 1 ° 

p R S I ! 

.3175 

• 8 373 

.4913 

.49 60 

.5127 

.9371 

.9103 

.9: 

.2707 

• 0 301 

.3869 

.38 59 

.3902 

.9362 

.9076 

.9: 

. 2625 

.8284 

. 3236 

.2717 

.2750 

.9363 

.9075 

.9 

.2616 

.8272 

.2696 

,1968 

.1307 

. 9360 

.9068 

.9 

.2517 

. 8 253 

.2159 

. 1526 

.1144 

.9348 

,9060 

.9: 


NPR1PRSID21 PRSID22 PPSI023 PRSID24 PRS1D25 PRSID26 PRSID27 PRSID2* PRSID29 


NPR 

PPSID30 

PRSID31 

PRS1D32 

PRSID33 

PRSI034 

PRS1D35 

PRSID36 

PRSID37 

2.001 

■M 

.4989 

.4989 

.4986 

.4991 

.4990 

. 5793 

.5418 

2.496 

■89 

.4000 

.3990 

,3996 

.4000 

.3999 

. 5070 

.4387 

3.018 

.7151 

.3306 

.3305 

. 3304 

.3309 

.3305 

.4463 

. 3757 

4.042 

.7121 

.2469 

.2466 

.2467 

.2469 

.2466 

. 3962 

.2999 

5.027 

.7107 

.1984 

.1984 

.1982 

.1985 

.1982 

. 3927 

, 2549 














TABLE XIV. RATIO OF INTERNAL STATIC PRESSURE TO JET TOTAL PRESSURE FOR CONFIGURATION 13 

(a) Flap pressures 


Upper flap pressures 


2,022 ,9140 .9377 .9567 .9520 .9536 .9331 

2.535 .9125 .9365 .9601 .9524 .9531 .9313 

3.024 .9122 ,9363 .9626 .9529 .9531 .9307 

4.017 .9123 .9360 .9670 .9543 .9539 .9312 .9003 

5.019 .9114 .9342 .9673 .9544 .9540 .9309 .9018 


Fixed lower flap pressures 


NPP 


x'/l. 

fixed 


.385 

,605 

,846 

.969 

2.022 

.8189 

. 7247 

.4112 

.4835 

2.535 

.8179 

.7226 

.2788 

, 3729 

3.024 

.8176 

.7213 

.2592 

. 2984 

4.017 

.e 177 

.7205 

.2600 

.1509 

5.019 

.8169 

.7191 

. 2595 

.1509 


Lower rotating flap pressures 


353 

.463 

.574 


.796 

.906 

f 69 1 

.6937 

.6329 

.5812 

. 5412 

.4928 

1617 

.6804 

.6030 

.5412 

.4720 

.3929 

1 591 

. 6758 

. 5981 

. 5241 

.4468 

. 3582 

f 58 3 

.6742 

. 5960 

.5211 

.4308 

. 3243 

1 568 

.6722 

.5946 

.5207 

.4305 

. 3235 



3 



















TABLE XIV. Concluded 
(b) Sidewall pressures 


NPR 

PRSID11 

PR ^ I 01 3 

PRSID1A 

PRSID15 

PRSIfUb 

PRSID17 

PR5ID18 

PRSID19 

2.022 

• A 6 1 2 

• A 8 58 

• A996 

.5168 

0351 

• 9 A56 

.9130 

. 9 A8 5 

2.535 

. AA79 

.3876 

. 3631 

• 3 0 7 A 

• 29 AO 

• 9 A65 

.9126 

• 9A PO 

3.02A 

• A A 60 

.3139 

• 2 7 A 3 

.2610 

.2750 

. 9 A67 

.9126 

• 9 A 75 

A. 017 

. A A 26 

.2178 

.2033 

. 2 5 A6 

.2729 

. 9 A67 

. 912 A 

. 9 A7A 

5.019 

. AA18 

• 1 5 A8 

.2019 

• 2 5 A2 

.2732 

• 9 A5 3 

.9123 

♦ 9A 63 


NPRIpR$ID20 PRSID21 PRS1D22 PRSID23 PRSID2A PPSID25 PRSI027 PRSI028 PRSID29 


2.022 
2.535 
3.02A 
A. 017 
5.019 


N PR 

PR S 1 0 30 

PRSID31 

PRS1D32 

PRSID33 

PRSI03A 

PRSID35 

PRSID36 

PRSI037 

2.022 

.6779 

• A 9A2 

• A9A 1 

• A9 3 8 

• A9AA 

. A9A1 

. A939 

. A 9A 1 

2.535 

.6621 

• 39A0 

.3939 

.3939 

• 39A2 

• 39 A1 

. 3935 

. 3939 

3 • 02 A 

.6573 

.3302 

. 3302 

.3299 

.3303 

.3301 

.3303 

. 3301 

A. 017 

.6562 

• 2 A85 

• 2 A8 6 

• 2 A 8A 

. 2 A8 7 

• 2 A8 7 

.2512 

• 2 A8 A 

5.019 

.6553 

.1989 

.1990 

.1989 

.1989 

.1989 

.2073 

.1992 






































TABLE XV. Concluded 


(b) Sidewall pressures 


°R 5 ID1 

ppsm 

PPS1D3 

PRSID* 

PRSID5 

PR5ID6 

PRSID7 

PRSID9 

PRSID 

.0781 

.8850 

.8291 

. 8608 

.8363 


. 8203 

. 5706 

• 60< 

• P 76* 

.0032 

.8268 

.6581 

.88*2 


.8161 

.5*17 

. 571 

. 8755 

. 0821 

,8263 

. 8 575 

, 3628 

.7*37 

.8156 

. 5201 

• 56' 

.P7*P 

.6000 

.826* 

. 8566 

.3016 

.7*37 

.8156 

.5183 

.56- 

,87*8 

.8805 

.826* 

.8565 

.3311 

.7*37 

.8155 

.5160 

.56< 


PR5IP11 PPSID13 


PRSI316 PPSID17 PRSIDiB PKSIQI9 


59 

.9 

80 

.9 

12 

.9 

25 

.9 

26 

.9 


+ 32 

. 8955 

. 9< 

+ 29 

. 8956 

• 9 l 

<♦26 

. 8950 

• 9 i 

*15 

.8917 

.9- 

*11 

.8919 

.9- 


°RSID20 

PRSID21 

PRSID22 

PRSI 

.0 257 

.3585 

.7390 

. 

. 8230 

.8565 

.7365 

. 1 

.8221 

.3559 

.7368 

• 1 

.8198 

.8551 

.73*3 

• i 

.8193 

.85*6 

.73*2 

. 1 


02* 

PRS1025 

PRSID27 

PR S 1 02 8 

PRSID29 

80* 

. 8006 

.693* 

.6877 

, *926 

’771 

.7975 

.6877 

.65*2 

.*016 

'766 

.7968 

.686* 

. 6533 

. 3323 

’751 

.7950 

.68*0 

. 6620 

.2*8* 

'7*7 

.79*5 

.68*0 

.6612 

. 2233 


NPRIPRSID30 PRSID31 PRSID32 PRSI033 PRSID3* PRSID35 PRSID36 PRSID37 


2.027 
2. *89 
3.009 
*.021 


5975 

.*920 

.*929 

.*929 

.*933 

.*927 

.*92* 

.*929 

5029 

.*010 

.*010 

,*017 

.*015 

.*016 

.*020 

.*017 

5793 

. 3323 

. 332* 

. 3323 

. 3322 

. 3322 

. 3325 

. 3322 

5776 

.2*8* 

.2*85 

.2*8* 

.2*31 

.2*8* 

.2*87 

.2*8* 

5775 

.2232 

.2231 

.2231 

.2231 

. 2230 

. 2235 

. 2232 





















TABLE XVI. RATIO OF INTERNAL STATIC PRESSURE TO JET TOTAL PRESSURE FOR CONFIGURATION 15 

(a) Flap pressures 

Upper flap pressures 


. 35 .V 
•5006 • 3 
.5002 .3 
.4996 .3 


Fixed lower flap pressures 


94 

.679 

24 

.670 

26 

.670 

26 

.669 


• 8 46 

.969 

,3063 

.4666 

>2 337 

. 3572 

,2318 

,2790 

,2319 

.2699 


Lower rotating flap pressures 


>236 

.3233 

.3640 

.4147 

. 4503 

.4761 

. 5i 

226 

.1964 

.2929 

. 32 32 

. 2420 

. 4 350 

.4 

lf9 

.1038 

. 2436 

. 324 4 

.2406 

,22 08 

.2 

170 

.1910 

.2935 

. 32 51 

.2407 

.2204 

. 2i 


11 

.5169 

72 

. 4424 

29 

. 3681 

89 

.1715 


1.93? 

2.491 

2.936 

3.496 


B 


905 .6988 .5620 .4350 
735 .6678 .5264 .3733 
731 .6664 .5124 .3266 
733 ,6675 .5127 .326} 


,4700 .5452 
.3451 .2963 
.2693 .2688 
.2682 .23*3 
























TABLE XVI. Concluded 
(b) Sidewall pressures 


Nop 1 pr^idi PPSI02 PR3I03 PR5ID4 PRS 105 PP5ID6 PRSI07 3 RSI08 PkSIU9 PRST010 


81 

.8 

29 

.8 

26 

.8 

25 

.8 


85 

.6117 

90 

.8037 

93 

.8037 

95 

.6037 


.8933 .9069 .7369 
.8366 .9015 .7250 
.8362 .9029 .7299 
.8363 .9026 .7292 


.8229 .6519 
.8136 .3395 
.8131 .8386 
.8127 .8385 


.5990 .6797 
.5596 .6901 
.5968 .6360 
.5912 .6396 


PP'jnil PRMD12 PH 5 1 01 3 PR3ID14 PRSID15 PRMD16 PRST017 PRST018 PRSID19 


00 . 9 

66 . 3 

90 .3 


,9 

.6958 

.9117 

. 8380 

. 9580 

13 

. 6059 

.9089 

.8319 

.8509 

.6 

.5959 

.9088 

. 9316 

. 9505 

.0 

. 5952 

.9077 

. 8308 

.8998 


N3P|PP5Tn20 PR5T021 PR 1 1 P 2 2 PP3I023 °R C .I024 P R S 1 D2 5 PR r TD?6 PRST027 PRiID2t 


1.932 .6190 
2.991 .5939 
2.936 .5997 
3.996 .5939 


17 

.5765 

. 5768 

.3796 

.909 

96 

. 5 391 

. 5388 

. 2622 

.310 

91 

.5332 

.5363 

. 2565 

. 30b 

36 

. 5 327 

• 5392 

. 2596 

.312' 


1.932 

2.991 

2.936 

3.996 


RRSID29 

PpSir>30 PPSK-31 

P k 3 10 32 8RSIJ33 

PRSID34 

PRS 1^35 PRSI036 

PRSI037 

.9997 

• 938° 

.5090 

.5039 

. 5035 

. 5039 

. 5039 

. 5038 

. 5040 

. 3795 

.3999 

.9011 

. 9009 

.9007 

.4009 

.4010 

.4008 

.4010 

. 3 603 

. 3233 

. 3396 

. 3395 

.3393 

. 3346 

. 3346 

. 3343 

. 3345 

.3810 

. 3 226 

.2858 

. 2857 

.2959 

.2856 

• 26 57 

. 2865 

. 2655 
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are in inches unless otherwise noted. 
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(a) Convergent two-dimensional nozzle installed on single-engine propulsion system in static-test facility of 
Langley 16-Foot Transonic Tunnel. 

Figure 2. Model photographs. 



L-85-09 


Sta. 41.13 



(a) Reference axes and other nozzle parameters. 

Figure 3. Sketches defining nozzle geometry and important model parameters. All dimensions are in inches 
unless otherwise noted. 
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er-Rotatino-Flap Geometr 



(c) Upper- and lower-rotating-flap geometry. 






Sta. 41.130 



Orifice locations 

Name 

x, in. 

z, in. 

PRSID1 

0.75 

0.00 

2 

1.35 

0.00 

3 

0,63 

-0.76 

4 

1.06 

-0.53 

5 

1.50 

-0.28 

6 

0.83 

-1.13 

7 

1.20 

-0.75 

8 

1.74 

-0.72 

9 

1.25 

-1.35 

10 

1.47 

-1.23 

11 

1.69 

-1,10 

12 

1.90 

-0.97 

13 

1,45 

-1.70 

14 

1,67 

-1.58 

15 

1.88 

-1.44 

16 

2.10 

-1.31 

17 

2,13 

0.92 

18 

2,13 

0.47 

19 

2.56 

0.71 

20 

2.10 

0.00 

21 

2.56 

0.25 

22 

2.30 

-0.36 

23 

2.52 

-0.24 

24 

2.74 

-0.12 

25 

2,95 

0.00 

26 

3.19 

0.13 

27 

2.50 

-0.71 

28 

2.94 

-0.47 

29 

3.38 

-0.27 

30 

2.70 

-1.08 

31 

3.75 

0.50 

32 

4.06 

0.50 

33 

3.75 

0.00 

34 

4.06 

0.00 

35 

4. 38 

0.00 

36 

3.75 

-0.50 

37 

4.06 

-0.50 


(d) Pressure orifice locations on sidewall. 
Figure 3 - Concluded. 
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Figure 4. Effects of vector angle on lower-rotating-flap centerline internal static-pressure distributions. 
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I 


(c) Long upper rotating flap. 
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(a) Baseline upper rotating flap. 

Figure 5. Effects of vector angle on upper-flap centerline static-pressure distributions. 
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(b) Angled upper rotating flap. 
Figure 5. Continued. 





CL° 


vO 


c 

o 

O 


cc 

Q- 


cn 

<x> 


*o 


M c\j co in 


00 CvJ Cvj i— 1 1 0 s 
O O O O O' 

cr! rn co ro cJ 


O LA o LA O 

rH CO VO 


OD O 0 ^ 



o 

3 


52 


(c) Long upper rotating flap. 
Figure 5. Concluded. 
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Figure 6. Effects of vector angle on lower- fixed- flap centerline internal static-pressure distributions. Baseline 
upper rotating flap. 
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NPR 


NPR 


(a) 6 V = 0°. 

Figure 8. Effects of upper-rotating-flap configuration on nozzle performance as a function of nozzle pressure 
ratio. Data without symbols indicate F r /Fi. 
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